Introduction
Several studies have recently provided new information on local and large-scale atmospheric conditions associated with summet precipitation variability in the Central Andes and the interandean plateau (the Altiplano). While Hardy et al. [1998] presented a local record of the daily and annual meteorological cycle at high altitude, Vuillc et al. [1998] , Garreaud [1999] , and Lenters and Cook [1999] fbcused on the regional-to large-scale mechanisms associated with precipitation during austral summer, and Vuille [ 1999] showed how interannual precipitation variability is related to atmospheric circulation anomalies during extreme phases of the Southern Oscillation (SO). However, these studies fall short in explaining the spatial precipitation variability over the Altiplano itself, because they are either based on data from only one part of the Altiplano or they consider the entire region as an entity, which is inappropriate, given the extreme spatial and temporal variability of precipitation on the Altiplano ]. In this study we therefore analyze the spatiotemporal behavior of austral summer (DJF) precipitation and monthly temperature anomalies based on a dense station network, covering the entire Altiplano, which allows us to resolve the aforementioned spatial variability. In addition, the influence of tropical Pacific and Atlantic sea surface temperature anomalies (SSTA) upon Several authors have reported on the relationship between interannual variability of summer precipitation in the Central Andes and the E1 Nifio-Southern Oscillation (ENSO) phenomenon [e.g., Thompson et al., 1984; Aceituno, 1988; Ronchail, 1995; Vuille, 1999] . A common finding of all these studies is the tendency toward increased air temperatures and below average summer precipitation during E1 Nifio events. According to Ronchail [1995] the ENSO influence on precipitation is particularly strong very early (October) and toward the end of the rainy season (February). The statistical significance of all these results, however, is quite variable and often rather weak. Since the main moisture source for precipitation over the Altiplano is the tropical lowlands to the east of the Andes, and ultimately over the trade wind regions of the tropical Atlantic (see Figure 2a) , a closer examination of the relation with tropical Atlantic SSTA seems appropriate [see Enfield, 1996 ; Zhou and Lau, 1998; Vuille et al.,
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In section 2 we present the station data (monthly precipitation and temperature) and the gridded data sets (GISST-SST, NOAA-OLR, and NCEP/NCAR reanalysis), upon which this study is based. We then describe the methods (principal component analysis (PCA) and composite analysis) which were applied in this study. Section 3 presents the results from the PCA, applied to the tropical Pacific and Atlantic SSTA data. Section 4 presents the restills from the PCA and composite analysis applied to monthly temperature anomalies, while section 5 presents the same results for austral summer precipitation (DJF). Section 6 contains a discussion of the most interesting new results, and section 7 summarizes this study and concludes with some final remarks.
Data and Methods
Monthly mean SST data on a 1ø latitude X lø longitude grid were obtained from the Global sea-Ice and Sea Surface Temperature (GISST) data set version 2.3a (Hadley Center, Meteorological Office, Bracknell, England). The original data were resampled into 2øX 2 ø grid cells, smoothed using a Hamming weights low-pass filter with a notch at f = 4 cycles/yr, thereby removing fluctuations with periods of less than 3 months [see Stea•?•s and David, 1988], and monthly anomalies were computed over the tropical Pacific (30øN-40øS, 160øE -80øW) and Atlantic (30øN-40øS, 80øW-10øE) by subtracting the mean monthly values for the period 1961-1990.
Monthly Outgoing Longwave Radiation (OLR) data with a 2.5 ø latitude X 2.5 ø longitude grid were obtained from the NOAA interpolated data set [Liebmann and Smith, 1996] Montroy, 1998 ] and retained in the analy- 
Modes of Tropical Pacific and Atlantic SST Variability
The basic statistics of the PCA performed on the SSTA in the Atlantic and Pacific are shown in Table 1 (Table 1) 
SSTA Relation to Air Temperature
The basic statistics of the PCA of temperature anomalies over the Central Andes are given in Table 2 . Only two PCs were identified as describing significant, nonrandom temperature variability and subsequently rotated using the Varimax criterion (T-VPC1-2). The fact that only two significant eigenvectors emerged from this analysis is not surprising, since it is based on data from (Figure 4a ), explaining 29.6% total variance, is clearly related to ENSO as can be seen from both its temporal evolution (Figure 4d ) and its spatial correlation with tropical SSTA (Figure 4f) -2 t   61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89 1971, 1971/1972, 1973/1974, 1974/1975, 1975/1976, and 1988/1989 ; WARM composite is based on 1968/1969, 1972/1973, 1979/1980, 1982/1983, 1986/1987 the Altiplano certainly has the potential to considerably alter SSTs off NW-Africa through anomalous NE trades, emanating from the Sahara High. Finally, the ENSO signal in the DJF-VPC3 domain, apparently reversed and delayed by a year (Figure 7c ) is an issue that deserves investigation. Lagged correlation analysis reveals that DJF-VPC3 and PAC-VPC1 are not significantly correlated at lag zero, but significant positive correlations (95% level) appear when an 8-to 12-month lag is introduced (Figure 9b ). Since atmospheric circulation anomalies usually occur as an immediate response to oceanic forcing, one needs to ask about the mechanisms involved. The phenomenon has been observed in previous studies [Ronchail, 1995; Vuille, 1999 
SSTA Relation to DJF Precipitation

Summary and Conclusions
The purpose of this study was to identify the main spatiotemporal modes of temperature and austral summer (DJF) precipitation variability in the Central Andes, based on a two-way PCA and composite analysis. Several earlier studies have reported on the relationship between interannual variability of summer precipitation in the Central Andes and ENSO. In most of these studies, the relationship was described as rather weak, barely reaching statistical significance. It seems that Pacific SSTA modes extracted by means of PCA yield better results than SSTA averaged over specific regions (NINO indices) or when the SOl is used as a proxy. Even more important, however, is to account for the large spatial precipitation variability over the Altiplano by subdividing the Altiplano into regions of similar and coherent modes of variability. This method has enabled us to show how precipitation variability in the different parts of the Altiplano relates to tropical SSTA, in particular to ENSO.
